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Abstract
Epidemiological evidence on the association of soy intake with breast cancer risk is still inconsistent due to different soy 
intake levels across previous studies and small number of breast cancer cases. We aimed to investigate this issue by analyz-
ing data from the China Kadoorie Biobank (CKB) study and conducting a dose–response meta-analysis to integrate existing 
evidence. The CKB study included over 300,000 women aged 30–79 from 10 regions across China enrolled between 2004 
and 2008, and followed-up for breast cancer events until 31 December 2016. Information on soy intake was collected from 
baseline, two resurveys and twelve 24-h dietary recalls. We also searched for relevant prospective cohort studies to do a 
dose–response meta-analysis. The mean (SD) soy intake was 9.4 (5.4) mg/day soy isoflavones among CKB women. Dur-
ing 10 years of follow-up, 2289 women developed breast cancers. The multivariable-adjusted relative risk was 1.00 (95% 
confidence interval [CI] 0.81–1.22) for the fourth (19.1 mg/day) versus the first (4.5 mg/day) soy isoflavone intake quartile. 
Meta-analysis of prospective studies found that each 10 mg/day increment in soy isoflavone intake was associated with a 
3% (95% CI 1–5%) reduced risk of breast cancer. The CKB study demonstrated that moderate soy intake was not associ-
ated with breast cancer risk among Chinese women. Higher amount of soy intake might provide reasonable benefits for the 
prevention of breast cancer.
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Introduction

Breast cancer is the most common cancer and one of the 
leading causes of cancer death among women throughout the 
world [1]. Its incidence rate varies across regions, which is 
much higher in Western than in Asian countries [1–5]. This 
regional variation has been postulated to be attributed to 

the differences in lifestyle and dietary factors. One of such 
dietary components is soy foods, which are staples in Asian 
diet but rare in diet of western populations. Soy foods are 
major sources of dietary isoflavones, which share structural 
similarities with 17-β-estradiol and may serve as functional 
estrogen antagonists to protect against breast cancer [6, 7]. 
Also, soy isoflavones may exert effect through estrogen inde-
pendent pathways [6].

Epidemiological evidence on the relationship between 
soy foods and breast cancer is still limited and inconclu-
sive [8], despite potential mechanisms from experiments [6, 
7]. Several meta-analyses concluded that higher amount of 
soy intake was associated with lower risk of incident breast 
cancer among Asian women but not among their Western 
counterparts [9–12]. However, between-study heterogeneity 
was obvious [9–12] and most original studies included in 
these meta-analyses were case–control studies [10–12]. By 
contrast, a recent meta-analysis involving only cohort stud-
ies, which are less subject to selection and recall bias, found 
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no association between isoflavone intake and breast cancer, 
but it showed that a higher consumption of soy-based foods 
was weakly associated with a lower risk of breast cancer 
relative to a low consumption of soy foods (HR: 0.87, 95% 
CI 0.76–1.00) [13]. The definition of “high” soy food intake 
varies across studies in previous meta-analyses, making it 
difficult to interpret the pooled risk estimates. Meta-analysis 
taking into account the amount of soy foods or isoflavone 
dose is desirable.

Several cohort studies or nested case–control studies 
related to soy and incident breast cancer gave inconsist-
ent results. Studies conducted in Western countries where 
dietary soy intake levels were low [14–24] or moderate [25, 
26] have found no clear association. Evidence from studies 
in Asia where dietary soy intake levels were moderate to 
high was also inconsistent. Some studies found no statisti-
cally significant association [27, 28] while others reported 
a reduced breast cancer risk for women in the highest soy 
intake groups [29–32]. As most previous cohort studies in 
Asia have limited numbers of breast cancer cases, insuf-
ficient statistical power as well as different cut-off values 
for soy intake categories may explain this inconsistency. To 
our knowledge, only one cohort study, namely the Shanghai 
Women’s Health Study (SWHS) which enrolled participants 
from a highly developed city, was conducted in China previ-
ously [32]. More evidence from the general Chinese adults 
with diverse economic background is still lacking.

Using the data from the China Kadoorie Biobank (CKB), 
a large scale prospective cohort study involving over 300,000 
women from 10 geographically and economically diverse 
regions in China, we evaluated the relationship between soy 
intake and risk of incident breast cancer. Subgroup analyses 
were also conducted to assess whether risk estimates varied 
by baseline characteristics like menopausal status. Partici-
pants’ soy consumption levels and cut-off values of soy cat-
egories varied across previous studies. In order to provide 
a clearer picture on the soy-breast cancer relationship, we 
also did a dose–response meta-analysis to integrate results 
of prospective cohort studies.

Methods

Study population

The CKB study recruited participants from 5 urban areas and 
5 rural areas in China. The study design and methods have 
been described in detail elsewhere [33]. Briefly, between 
June 2004 and July 2008, the study enrolled 512,715 adults 
(302,510 women) aged 30–79 years who completed base-
line data collection, including a questionnaire and physi-
cal measurements after signing a written informed consent 
form. Among the women recruited at baseline, we excluded 

persons with previously cancer diagnoses (n = 1610), with 
missing values for key variables (n = 47 for reproductive 
characteristics, n = 1 for body mass index [BMI]), leaving 
300,852 female participants in the main analyses. Approval 
of the study was obtained from ethics committees or insti-
tutional review boards at the University of Oxford, the Chi-
nese Center for Disease Control and Prevention, the Chinese 
Academy of Medical Sciences, and all participating centers.

Assessment of soy consumption

In the baseline questionnaire, one item asked participants 
about the overall frequency of soy foods (e.g. soybeans, fresh 
tofu, fried tofu, pressed tofu, soymilk skin or film, soybean 
flakes, soymilk and so on) during the past 12 months: never/
rarely, monthly, 1–3 days per week, 4–6 days per week, or 
daily. After participants completed the baseline survey, two 
resurveys were conducted in 2008 and 2013, respectively, 
each involving about 5% of the randomly selected partici-
pants from each of the 10 study regions. The first resurvey 
questionnaire asked exactly the same question on soy con-
sumption as the baseline one, whereas the question was split 
into 2 items in the second resurvey. One item asked about the 
frequency and amount of soymilk consumption and the other 
item about soy foods other than soymilk. To evaluate the 
reproducibility and validity of food frequency questionnaires 
(FFQs) used in baseline and resurveys, an intensive dietary 
study of 432 CKB participants (254 women) was conducted 
from 2015 to 2016. These participants completed two FFQs 
(median interval: 3.3 months) and twelve 24-h dietary recalls 
(24-HDR). The 24-HDRs covered all kinds of soy foods in 
China and were conducted in three seasons separately, with 
3 weekdays and 1 weekend day in each season. For female 
participants, the weighted Kappa statistic was 0.66 for repro-
ducibility of baseline soy food frequency and 0.77 for repro-
ducibility of soy consumption amount (excluding soy milk) 
in  2nd resurvey. Using 24-HDRs as the gold standard, the 
weighted Kappa statistic was 0.67 for validity of baseline 
food frequency and 0.74 for validity of soy consumption 
amount (excluding soy milk) in  2nd resurvey.

We combined intake frequency from baseline and 1st 
resurvey and the intake amount from the 2nd resurvey to 
estimate the usual amount of soy intake for each woman. 
Then, we converted the usual amount of soy intake into 
amount of soy isoflavone by taking into account the propor-
tions that different kinds of soy foods contributing to total 
soy food amount among women in the 24-HDRs and the soy 
isoflavone content of different soy foods (Appendix).

Assessment of covariates

Information on socio-demographic characteristics (age, 
education and household income), lifestyle factors (alcohol 
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consumption, physical activity and dietary habits), repro-
ductive characteristics (i.e. age at menarche, parity, breast-
feeding duration, menopausal status, menopausal age, and 
use of oral contraceptives), and family history of cancer 
were obtained from the baseline questionnaire. Daily energy 
intake was calculated by taking into account the 12 groups 
of foods available in the present study. A participant was 
considered as having a family history of cancer if at least one 
of their parents or siblings was diagnosed with cancer. At 
baseline, body weight and height were measured by trained 
staff using calibrated instruments and BMI was calculated 
by weight (kg)/height squared  (m2).

Identification of breast cancer cases

Participants were followed-up from the date of completing 
baseline questionnaire to the date of diagnosis of breast can-
cer, death, loss to follow-up or 31 December 2016, which-
ever came first. By 31 December 2016, about 1% partici-
pants were censored due to loss to follow-up. Incident breast 
cancer cases were identified periodically through linkage 
with local disease and death registries [34], and the national 
health insurance system or ascertained through active fol-
low up. All diseases were coded according to the Interna-
tional Classification of Diseases, 10th Revision (ICD-10), by 
trained staff blinded to baseline information of participants. 
Breast cancer was coded as C50. The proportion of death 
certificate only cases was 4.1% for breast cancer, indicating 
the high completeness of cancer registration in the present 
study.

Statistical analysis

Baseline characteristics of participants were presented as 
means (standard deviations, SDs) or percentages across 4 
categories of baseline soy consumption, standardized for 
age and study region if appropriate, via logistic regressions 
for categorical variables or multiple linear regressions for 
continuous variables.

Hazard ratios (HRs) and 95% confidence intervals (95% 
CIs) were calculated for breast cancer risk by both soy fre-
quency and usual amount quartiles using Cox proportional 
hazard regression models. Categorical soy intake variables 
were treated as continuous variables to evaluate the linear 
trend. In the Cox models, age was used as the underlying 
time scale and baseline characteristics as covariates. Each 
Cox model was stratified by baseline age groups (in 5-year 
intervals) and study region. Potential confounding factors 
adjusted for in the multivariable models were: education 
attainment, household income, smoking status, alcohol 
consumption, physical activity, baseline BMI, standing 
height, age at menarche, parity, average breastfeeding dura-
tion, menopausal status and age at menopause, use of oral 

contraceptives, family history of cancer, total energy intake, 
and consumption frequency of fresh fruit, fresh vegetables, 
preserved vegetables, red meat, poultry, fish and dairy prod-
ucts at baseline. Information on hormone replacement ther-
apy was not collected at baseline and thus was not adjusted 
for in the models. However, we believed it would not influ-
ence the risk estimates since < 1% of the females have ever 
used hormone replacement treatment according to data from 
the second resurvey. The method of Schoenfeld residuals 
found no violation of the proportional hazards assumption 
for soy intake in fully-adjusted model.

A stratified analysis was further performed separately 
among pre-menopausal and post-menopausal women to 
assess any modifying effect of menopause on the associa-
tion of soy consumption and breast cancer. Besides, strati-
fied analyses were conducted according to other baseline 
characteristics such as BMI. Multiplicative interactions were 
tested using likelihood ratio tests comparing models with 
and without the cross product terms between stratifying vari-
ables and soy food consumption categories.

Several sensitivity analyses were done separately: (1) by 
excluding females who developed breast cancer during the 
first 2 years of follow-up; or (2) by excluding those with a 
family history of cancer.

Systematic review and dose–response meta‑analysis

We searched on PubMed, Embase and Cochrane library 
from their dates of inception to March 2019 for prospective 
studies examining the association between soy intake and 
breast cancer. Studies using concentrations of isoflavones 
or their metabolites in biological samples were not included 
owing to the difficulty in converting biological concentration 
into amount of soy isoflavone intake. However, we believed 
that this had no great impact on the result because studies 
using biological concentrations as exposure assessment were 
mainly conducted among populations with pretty low level 
of soy intake [14, 16, 19]. We excluded studies if the amount 
of soy intake was unavailable and could not be estimated 
using relevant data. We also excluded reviews, non-human 
studies, abstract-only publications or editorials. If the same 
cohort study published more than one original articles on 
soy intake and breast cancer, the paper reporting the largest 
sample size, longest follow-up time, or the widest variation 
in soy intake levels was kept. In addition, studies in which 
participants’ soy intake levels were very low (i.e. mean or 
median intake < 5 mg/day of soy isoflavone for the highest 
consumption group) were not included in the quantitative 
synthesis (dose–response meta-analysis) as the weights con-
tributed by these studies were negligible. Detailed literature 
searching strategy, data extraction methods, and quality 
assessment of individual study were presented in Appendix.
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In the dose–response meta-analysis, HRs were considered 
as effect sizes and the median or mean soy isoflavone intake 
of each consumption category was regarded as the con-
sumption dose of corresponding category. To test for poten-
tial non-linear relationship between soy isoflavone intake 
and incident breast cancer, a non-linear dose–response 
meta-analysis was done by coding soy isoflavone intake as 
a restricted cubic spline (RCS) function. If there was no 
evidence of non-linear association, we firstly estimated 
study-specific log HRs and 95% CIs for each 10 mg/day 
increment in soy isoflavone intake using the method intro-
duced by Greenland and Longnecker [35]. Then we pooled 
study-specific log HRs to obtain a summarized effect size 
using a fixed effect model. Between-study heterogeneity was 
assessed by  I2 statistic and the Egger test was used to detect 
publication bias.

Several sensitivity analyses were done to assess the 
robustness of dose–response meta-analysis: (1) dropping one 
of the studies included in the main dose–response meta-anal-
ysis each time; (2) dropping studies grouping participants 

according to soy frequency rather than amount of soy intake; 
(3) including only those studies which assessed soy intake 
in a more precise way (i.e. assessing both frequency and 
amount of soy intake using validated FFQs at baseline); or 
(4) including all the studies in the synthetic review, i.e. addi-
tionally including studies with extremely low level of soy 
isoflavone intake.

All statistical analyses were performed with Stata (ver-
sion 15). All P values were two-sided and statistical signifi-
cance was defined as P < 0.05.

Result

Patterns of soy consumption

Of the 300,852 female participants, 44.5% resided in urban 
areas, and the mean (SD) age at baseline was 50.9 (10.5) 
years (Table 1). At baseline, 12.0% reported never/rarely 
consuming soy foods (non-consumers) and 9.3% reported 

Table 1  Baseline characteristics of participants by baseline frequency of soy  consumptiona

a Values for all variable except age, urban and total energy intake were standardized for age and region
b Participants eating foods for at least 4 days per week were regarded as regular consumers

Never 
or rarely 
(n = 36,009)

Monthly (n = 90,639) 1–3 days/week 
(n = 146,289)

≥ 4 days/week 
(n = 27,915)

Overall (n = 300,852)

Age in years, mean (SD) 51.7 (10.6) 51.1 (10.5) 50.6 (10.4) 51.2 (10.5) 50.9 (10.5)
Urban (%) 26.5 32.6 55.1 50.4 44.5
Education > 6 years (%) 36.6 39.8 45.8 52.7 43.3
Household income > 20,000 yuan/year (%) 31.2 37.2 42.3 47.9 40.7
Never smoker (%) 94.2 94.7 95.3 95.2 94.9
Weekly alcohol consumption (%) 2.0 2.0 2.1 2.5 2.1
Adult attained height in cm, mean (SD) 153.6 (6.1) 153.9 (6.0) 154.3 (5.9) 154.8 (5.8) 154.1 (6.0)
BMI in kg/m2, mean (SD) 23.7 (3.6) 23.7 (3.4) 23.9 (3.4) 23.9 (3.5) 23.8 (3.5)
Physical activity in MET-hour/day, mean (SD) 20.3 (12.0) 20.4 (12.5) 20.5 (12.9) 20.5 (13.4) 20.5 (12.8)
Age at menarche in years, mean (SD) 15.6 (2.1) 15.5 (2.0) 15.4 (1.9) 15.3 (1.9) 15.4 (2.0)
Parity, mean (SD) 2.3 (1.5) 2.3 (1.5) 2.2 (1.3) 2.1 (1.2) 2.2 (1.4)
Months of breast-feeding per child, mean (SD) 14.5 (9.0) 14.6 (8.1) 14.4 (7.0) 14.1 (6.8) 14.5 (7.8)
Post-menopause at baseline (%) 52.6 52.5 52.2 52.3 52.4
Ever use of oral contraceptives (%) 9.1 9.6 10.1 9.5 9.8
Family history of cancer (%) 16.3 16.5 16.6 17.7 16.6
Regular consumption of  foodsb

 Fresh fruit 23.7 25.6 34.5 44.9 31.7
 Fresh vegetables 97.7 97.8 99.0 99.2 98.3
 Preserved vegetables 24.9 21.8 22.6 25.4 22.8
 Red meat 36.6 40.1 45.9 51.6 44.1
 Poultry 0.7 0.7 0.9 2.4 1.0
 Fish 6.2 7.9 8.5 12.9 8.5
 Dairy 8.5 9.2 13.3 19.7 12.5

Total energy intake in kcal/day, median 1078.6 1139.3 1256.6 1280.1 1231.8
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a regular consumption (i.e. ≥4 days/week). The estimated 
mean (SD) value of usual soy isoflavone intake was 9.4 
(5.2) mg/day, corresponding to 7.5 (4.2) g/day of soybean 
equivalents. The spearman coefficient between baseline fre-
quency group and usual amount quartile of soy intake was 
0.76. Women consuming soy more frequently were more 
likely to live in urban areas, to have a higher level of educa-
tion, and higher household income. They were also more 
likely to be taller, to have a family history of cancer, to be 
regular consumers of fresh fruit, red meat, fish and dairy 
products, and to have higher total energy intake. There were 
no obvious variation in age, BMI, level of physical activity 
and reproductive characteristics between soy consumption 
categories. Few of the women were ever smoker or weekly 
alcohol consumers.

Association of soy consumption with incident breast 
cancer

During a mean follow-up of 10 years, 2289 women devel-
oped incident breast cancer. Among the 2,289 breast cancer 
cases, 1120 were identified among premenopausal women 
and 1169 among postmenopausal women at baseline. The 
mean (SD) age at breast cancer diagnosis was 56.6 (9.8) 

years. Table 2 shows the risk of incident breast cancer in 
relation to the frequency and usual amount of soy isoflavone 
intake. Overall, there was no evidence of any association 
between soy intake and breast cancer risk. Comparing with 
never/rare consumers, the multivariable-adjusted hazard 
ratios were 1.03 (95% CI 0.87–1.22) for women consuming 
soy foods 1–3 days per week and 0.98 (95% CI 0.80–1.22) 
for regular consumers. The trend tests were not statistically 
significant. Likewise, risk estimates were similar across 
quartiles of soy isoflavone intake in the total population.

Baseline menopausal status did not appear to modify 
the results (Table 3, P = 0.856 for frequency-menopausal 
status interaction and P = 0.972 for quartile-menopausal 
status interaction). In the subgroup analysis according to 
BMI, higher soy intake seemed to be inversely associated 
the risk of breast cancer in women with BMI < 24 kg/m2, 
with a HR (95% CI) of 0.76 (0.60–0.96) for the highest soy 
frequency consumption group and a HR (95% CI) of 0.75 
(0.54–1.04) for the highest quartile of soy consumption 
(Appendix Table 2). But no statistically significant inter-
action between soy intake and BMI was detected (Appen-
dix Table 2: P = 0.131 for frequency-BMI interaction and 
P = 0.281 for quartile-BMI interaction; Appendix Tables 3 
and 4). In sensitivity analyses, neither the exclusion of cases 

Table 2  Association of soy consumption and risk of incident breast cancer: multivariable Cox models

Model 1: Stratified by baseline age groups and study regions and adjusted for education attainment (no formal school, primary school, middle 
school, or high school or above) and household income (< 10000, 10000–19999, or ≥ 20000 yuan/year)
Model 2:Adjusted for variables in model 1 plus smoking status (never or ever), alcohol consumption (weekly alcohol consumer or non-weekly 
consumer), physical activity (0–10.9, 11.0–17.9, 18.0–29.4, or ≥ 29.5 MET-hour/day), baseline BMI (< 24.0, 24.0–27.9, or ≥ 28.0 kg/m2 accord-
ing to overweight/obesity definition of Chinese population), and standing height (continuous)
Model 3: Adjusted for variables in model 2 plus age at menarche (< 10, 11, 12, 13, 14, 15, 16, 17, 18, or ≥ 19  years old), parity (0, 1, 2, 
or ≥ 3), average breastfeeding duration (0, 0.1–1, 1–2, or > 2  years), menopausal status and age at menopause (pre-menopausal, menopausal 
age < 45 years old, menopausal age 45–49 years old, menopausal age ≥ 50 years old), use of oral contraceptives (ever or never), family history 
of cancer (yes or no), consumption frequency of fresh fruit, fresh vegetables, preserved vegetables, red meat, poultry, fish and dairy products at 
baseline (never/rarely, monthly, 1–3 days/week, 4–6 days/week, or daily), and total energy intake
a Tests for trend were conducted by coding the groups as 1, 2, 3 and 4, respectively
b Values were adjusted for study region and age at study date

No. of cases Person-years Incidence rate (per 
100,000 person-
years)b

Adjusted hazard ratio (95% confidence intervals)

Model 1 Model 2 Model 3

Baseline soy frequency
Never or rarely (Median 3.2 mg/day) 194 359,459 66.0 1.00 1.00 1.00
Monthly (Median 4.5 mg/day) 546 904,889 75.2 1.11 (0.94–1.31) 1.10 (0.93–1.31) 1.08 (0.91–1.28)
1-3 days/week (Median 14.4 mg/day) 1291 1,471,813 77.7 1.09 (0.92–1.28) 1.07 (0.91–1.27) 1.03 (0.87–1.22)
≥ 4 days/week (Median 19.1 mg/day) 258 279,390 78.7 1.05 (0.86–1.29) 1.03 (0.84–1.26) 0.98 (0.80–1.20)
P for  trenda 0.817 0.998 0.537
Quartiles of usual soy isoflavone intake
Q1 (Median 4.5 mg/day) 495 993,841 67.1 1.00 1.00 1.00
Q2 (Median 7.2 mg/day) 311 517,016 70.9 0.99 (0.84–1.17) 0.99 (0.83–1.17) 0.96 (0.81–1.13)
Q3 (Median 14.4 mg/day) 1,309 1,344,269 80.9 1.11 (0.97–1.28) 1.10 (0.96–1.26) 1.06 (0.92–1.22)
Q4 (Median 19.1 mg/day) 174 160,425 80.9 1.05 (0.86–1.28) 1.03 (0.84–1.26) 1.00 (0.81–1.22)
P for  trenda 0.288 0.379 0.682
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occurring during the first 2 years of follow-up, nor excluding 
those with a family history of cancer materially altered the 
results (data not shown).

Systematic review and dose–response meta‑analysis

A total of 452 records were retrieved from Pubmed, Embase, 
Cochrane library and through hand searching. After remov-
ing duplicated records and abstract screening, 28 full-text 
articles were reviewed for eligibility checking (Appendix 
Figure 1). Of these, 11 studies were eligible with their char-
acteristics and results of quality assessment presented in 
Appendix Tables 5 and 6.

In the dose–response meta-analysis, we further excluded 
three studies [15, 18, 20] because of markedly lower 

soy isoflavone intake when compared with other stud-
ies. The other eight studies were included in the present 
dose–response meta-analysis together with the CKB study, 
with a total of 631,498 women and 10,229 breast cancer 
cases. Seven [25, 26, 28, 30–32, 36] out of the eight studies 
used validated FFQs to assess soy intake while the FFQ in 
only one study [27] was not validated. Five studies [25, 26, 
30–32] assessed both frequency and amount of soy food 
intake at baseline and calculated soy isoflavone intake based 
on the isoflavone content of different soy foods obtained 
from Food Composition Tables or published data. Two stud-
ies assessed soy food frequency at baseline and the portion 
size and isoflavone content were estimated from the valida-
tion study [28, 36]. One study collected information on soy 
food frequency and the amount of soy isoflavone intake was 
not available from either the baseline survey or the validation 

Table 3  Soy intake and risk of 
incident breast cancer according 
to menopausal status

a Values were adjusted for study region and age at study date
b Adjusted for the same variables as model 3 in Table 2, except menopausal status
c The “Never or rarely” and “Monthly” groups were combined into the “Monthly or less” to ensure enough 
cases in each frequency category
d Test for trend was conducted by coding the “Monthly or less” group as 1, “1-3 days/week” group as 2, and 
“≥4 days/week” group as 3
e Test for trend was conducted by coding from the lowest to the highest quartile into 1, 2, 3 and 4, respec-
tively

No. of cases Person-years Incidence rate (per 
100,000 person-years)a

Adjusted hazard ratio 
(95% confidence 
intervals)b

Baseline frequency (P for interaction = 0.856)
Pre-menopause
 Monthly or  lessc 376 629,714 73.6 1.00
 1–3 days/week 628 709,199 78.9 0.99 (0.85–1.15)
 ≥ 4 days/week 116 127,684 76.8 0.90 (0.71–1.13)
 P for  trendd 0.433

Post-menopause
 Monthly or  lessc 364 634,634 72.4 1.00
 1–3 days/week 663 762,614 76.3 0.94 (0.81–1.09)
 ≥ 4 days/week 142 151,706 79.3 0.93 (0.75–1.15)
 P for  trendd 0.446

Quartiles of usual soy isoflavone intake (P for interaction = 0.972)
Pre-menopause
 Q1 233 452,731 66.4 1.00
 Q2 157 229,605 73.5 1.00 (0.79–1.28)
 Q3 652 706,875 81.8 1.11 (0.91–1.35)
 Q4 78 77,386 80.6 1.00 (0.74–1.35)
 P for  trende 0.556

Post-menopause
 Q1 262 541,110 68.9 1.00
 Q2 154 287,411 70.4 0.89 (0.70–1.13)
 Q3 657 637,395 79.0 0.99 (0.81–1.21)
 Q4 96 83,039 79.3 0.97 (0.73–1.28)
 P for  trende 0.872
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study [27]. Seven out of the eight individual studies included 
in the present dose–response meta-analysis adjusted for total 

energy intake when assessing the soy-breast cancer associa-
tion [25, 26, 28, 30–32, 36]. Seven [25, 26, 28, 30–32, 36] 
out of the eight studies were of high and one study [27] of 
moderate quality according to the Newcastle–Ottawa quality 
assessment scale (NOS) scores (Appendix Table 6).

The dose–response meta-analysis using a RCS func-
tion failed to reject the linearity assumption between soy 
isoflavone intake and risk of breast cancer (P for non-line-
arity = 0.142; Fig. 1). Linear dose–response meta-analysis 
found that each 10 mg/day increment in soy isoflavone 
intake was associated with a mild reduced risk of breast 
cancer (HR: 0.97, 95% CI 0.95–0.99; Fig. 2). The between-
study heterogeneity was low  (I2 = 19.8%, P for heterogene-
ity = 0.267). The Egger test including the 9 studies in the 
dose–response meta-analysis found no publication bias 
(P = 0.606).

Sensitivity analyses by excluding one of the nine stud-
ies each time from the dose–response meta-analysis found 
that the risk estimates remained stable (Appendix Table 7). 
Sensitivity analysis by excluding two studies [27, 28] which 
reported HRs (95% CIs) according to soy frequency rather 
than soy intake amount revealed no major change in risk 
estimate (HR: 0.96, 95% CI 0.94–0.98;  I2 = 22.1%, P for 
heterogeneity = 0.260). Sensitivity analysis by including the 
five studies [25, 26, 30–32] that assessed both frequency and 

Fig. 1  The relationship between incident breast cancer and soy isofla-
vone intake in dose–response meta-analysis of CKB and 8 published 
cohorts. Test for non-linear dose–response relation between soy iso-
flavone intake and incident breast cancer was statistically insignificant 
(P for non-linearity = 0.142). The blue line and shadow represent the 
hazard ratio (HR) and 95% confidence interval (CI) for the non-linear 
model while the red line (shadow) represents the HRs (95% CI) for 
the linear model

Fig. 2  The forest plot of hazard ratio (HR) and 95% confidence inter-
val (CI) of incident breast cancer for each 10  mg/day increment in 
soy isoflavone intake in dose–response meta-analysis of CKB and 8 

published cohorts (fixed effect model). The sizes of square boxes are 
inversely proportional to the variances of logarithmic HRs
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amount of soy intake at baseline found similar risk estimate 
as the main dose–response meta-analysis (HR: 0.97, 95% 
CI 0.94–0.99;  I2 = 35.9%, P for heterogeneity = 0.182). The 
dose–response meta-analysis of all 12 studies gave the same 
risk estimate (HR: 0.97, 95% CI 0.95–0.99;  I2 = 0.0%, P for 
heterogeneity = 0.499) as the main dose–response meta-
analysis of nine studies.

Discussion

The CKB study, which enrolled over 300,000 women 
from 10 diverse regions from China, found no association 
between soy intake and incident breast cancer overall. The 
dose–response meta-analysis integrating the CKB study and 
other prospective studies from Asia and Western countries 
found that each 10 mg/day of soy isoflavone intake was asso-
ciated with a 3% reduced breast cancer risk.

Findings from prospective studies on soy-breast cancer 
association were inconsistent, which may be due to different 
soy intake levels across different studies. Cohort studies con-
ducted among women with low (< 5 mg/day in the highest 
consumption groups) [15, 18, 20] or moderate (20–30 mg/
day in the highest consumption groups) [25–28] soy iso-
flavone intake found no clear association between soy and 
breast cancer risk. In the CKB study, the median amount 
of soy isoflavone intake in the highest consumption group 
was about 20 mg/day and no association was found between 
soy intake and breast cancer risk. This result was consist-
ent with the four cohorts with moderate amount of soy 
intake [25–28]. In four studies in which the highest quartile 
or quintile intake groups had soy isoflavone > 40 mg/day 
[31, 32, 36] or the upper half intake group had a median 
intake at 23.5 mg/day (so upper quartile group is likely to 
have ~ 40 mg/day) [30]), reduced breast cancer risk was 
found for women among the highest soy consumption group 
compared to women among the lowest consumption group.

The soy intake level (mean: 7.5  g/day of soybean 
equivalents) was much lower among the CKB women 
than that assessed in the study conducted in Shanghai, 
China (median ~ 25 g/day of soybean equivalents) [32], 
which may be partially explained by the relatively lower 
level of soy intake among general Chinese adults than 
that among women in Shanghai. According to the three 
Chinese National Nutrition and Health Surveys conducted 
between 1992 and 2012, the mean daily intake of soy foods 
among Chinese adults was about 10–15  g of soybean 
equivalents, and remained stable throughout the past two 
decades [37]. The mean daily soy intake was slightly lower 
among CKB women compared with results from the three 
Chinese national nutrition and health surveys, while the 
average soy intake in women of the Shanghai study was 
much higher than general Chinese population.

We found an inverse association between higher soy 
food frequency and breast cancer among CKB women with 
lower BMI while no statistically significant association 
was observed among women with higher BMI. The Singa-
pore Chinese study also reported different risks estimates 
among women with different BMI [30]. However, tests 
for multiplicative interaction between soy intake and BMI 
were statistically insignificant in both studies. Therefore, it 
is likely that different risk estimates for soy intake among 
women with different body sizes were due to chance.

The present dose–response meta-analysis observed a 
3% (95% CI 1–5%) reduced risk of breast cancer for each 
10 mg/day increment in soy isoflavone intake. Most of 
the cohort studies included in the present dose–response 
meta-analysis used validated FFQs to assessed soy intake. 
Most studies were of high quality according to the NOS 
scores which evaluated studies in terms of exposure and 
outcome measurement, confounding adjustment, follow-
up duration and so on. Sensitivity analysis by excluding 
the study [27] which was of lower quality observed no 
change in the risk estimate, and sensitivity analysis by 
including exclusively the five studies that assessed both 
the frequency and amount of soy intake at baseline gave 
similar risk estimate, indicating the robustness of the pre-
sent dose–response meta-analysis. Besides, between-study 
heterogeneity was low in the main dose–response meta-
analysis as well as in sensitivity analyses, and the Egger 
test found no evidence of publication bias, indicating the 
reliability of the dose–response meta-analysis. In the pre-
sent dose–response meta-analysis, the breast cancer risk 
reduced by each 10 mg/day of soy isoflavone intake as 
weakly as 3%, which may explain why most individual 
studies (including CKB) with low to moderate level of soy 
isoflavone intake failed to detect a statistically significant 
soy-breast cancer association.

According to the Dietary Guidelines for Chinese Resi-
dents in 2016, the recommended daily amount of soy food 
intake for adults were 15–25 g soybean equivalents [37]. The 
isoflavone content for 15–25 g/day soybean equivalents of 
different soy foods range between 10 and 50 mg/day (Appen-
dix Table 8). Therefore, women consuming soy foods at the 
amount recommended by the Dietary Guidelines may be at 
3–15% reduced risk of breast cancer according to the result 
of the present dose–response meta-analysis.

Could soy isoflavone supplement help? Two Western 
studies assessed soy supplement or soy isoflavone supple-
ment, and neither of them found association of soy or soy 
isoflavone supplement with overall breast cancer risk [38, 
39], though one study found that current soy isoflavone 
supplement was associated with reduced risk of estrogen 
receptor positive (ER+) breast cancer and increased risk of 
ER- breast cancer [39]. However, the dose of isoflavone in 
the supplements could vary in the study [39].
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As the largest cohort study on soy-breast cancer associa-
tion, the CKB study has several strengths, including large 
sample size, population from diverse areas across China, 
prospective cohort design, long duration of follow-up, uni-
fied method of exposure assessment across study regions, 
and stringent quality control of data. Our meta-analysis 
included only prospective cohort studies, which minimized 
recall bias.

There are several limitations, nevertheless. Firstly, the 
baseline questionnaire asked CKB participants about soy 
intake frequency rather than intake amount, and thus the 
usual amount of soy isoflavone was estimated by combing 
information from baseline surveys, two resurveys and the 
24-HDRs. More large scale prospective studies using more 
precise exposure measurement methods are warranted to 
verify findings from the CKB study. Secondly, some energy-
providing food items such as oil were not assessed in the 
CKB study, and therefore the calculated total energy was 
lower than the actual total energy intake. However, the risk 
estimates in the CKB study remained stable before and after 
adjustment for the calculated total energy intake. Thirdly, 
data on hormone receptor status of breast cancer were una-
vailable in the CKB study, so we were unable to assess the 
association of soy intake with breast cancer subtypes. Exist-
ing prospective evidence of soy-breast cancer subtype asso-
ciation has been scarce and of low statistical power due to 
small sample sizes [30, 32, 39]. Lastly, owing to the observa-
tional nature of studies included in the dose–response meta-
analysis, we could not rule out the possibility of residual 
confounding caused by unmeasured factors. Large rand-
omized controlled trials (RCT) may be desirable in causal 
inference but the feasibility of a large RCT on this issue is 
still a sticky issue.

Conclusion

The CKB study demonstrated that moderate soy intake 
was not associated with breast cancer risk among Chinese 
women. Higher amount of soy intake might provide rea-
sonable benefits for the prevention of incident breast caner. 
More large scale and well-designed prospective studies are 
needed to verify our findings.
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